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GUIDELINE FOR THE TESTING OF CHEMICALS

Acute Oral Toxicity: Revised Up-and-Down Procedure

INTRODUCTION

1. OECD guiddinesfor the Testing of Chemicas are periodicdly reviewed in the light of scientific
progress or changing assessment practices. The concept of the up-and-down testing approach was
first described by Dixon and Mood (1)(2)(3)(4). In 1985, Bruce proposed to use an Up-and-Down
Procedure (UDP) for the determination of acute toxicity of chemicas (5). Thereexist severd vaiaions
of the up-and-down experimental design for estimating an LD50. Thisguiddineis based on the
procedure of Bruce as adopted by ASTM in 1987 (6) and revised in 1990. A study comparing the
results obtained with the UDP, the conventional LD50 test and the Fixed Dose Procedure (FDP,
Guideline 420) was published in 1995 (7). Sincethe early papers of Dixon and Mood, papers have
continued to appear in the biometrica and applied literature, examining the best conditions for use of
the gpproach (8)(9)(10)(11). Based on the recommendations of severa expert meetingsin 1999, an
additional revison was considered timely because: i) internationa agreement had been reached on
harmonised L D50 cut-off values for the classfication of chemica substances, ii) testing in one sex
(usudly femaes) is generdly consdered sufficient, and iii) there is a need to estimate confidence
intervas (Cl).

2. The test procedure described in this guiddine is of vaue in minimizing the number of animas
required to estimate the acute ora toxicity of a chemicd. In addition to the estimation of LD50 and CIs,
the test dlows the observation of signs of toxicity. Revision of test guiddine 425 was undertaken
concurrently with two other aternatives to conventional acute ord toxicity test. Guidance on the
selection of the most gppropriate test method can be found in the Guidance Document on Ora Toxicity
Testing (12). This Guidance Document also contains additiona informeation on the conduct and
interpretation of Guideline 420 and 423.

3. Definitions used in the context of this Guiddine are set out in Annex 1.

INITIAL CONSIDERATIONS

4, All available information on the test substance should be considered by the testing |aboratory
prior to conducting the study. Such information will include the identity and chemicd Structure of the
substance; its physical chemicd properties; the results of any other in vitro or
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in vivo toxicity tests on the substance or mixtures; toxicologica dataon structurdly related substances
or smilar mixtures; and the anticipated us(s) of the substance. Thisinformation is useful to determine
the relevance of the test for the protection of human hedlth and the environment, and will help in the
selection of an appropriate starting dose.

5. If no information is available to make a preiminary estimate of the LD50 and the dope of the
dose-response curve, results of computer smulations have suggested that starting near 175 mg/kg and
using half-log units (corresponding to a dose progression of 3.2) between doses will produce the best
results. This garting dose should be modified if the substanceislikely to be highly toxic. The haf-log
gpacing provides for amore efficient use of animals, and increases accuracy in the prediction of the
LD50 vaue. Because the method has a bias toward the starting dose, it is essentid that initial dosng
occur below the estimated LD50. (See paragraph 27 and Annex 2 for discussion of dose sequences
and garting vaues) However, for chemicals with large variability (i.e., shalow dose-response dopes),
bias can ill be introduced in the lethdity estimates and the LD50 will have alarge Satidticd error,
amilar to other acute toxicity methods. To correct for this, the main test includes a sopping rule keyed
to properties of the estimate rather than a fixed number of test observations.

6. The method is easiest to apply to materias that produce desth within one or two days. The
method would not be practica to use when considerably delayed degth (five days or more) can be

expected.

7. Computers are used to facilitate animal-by-anima calculations that establish testing sequences
and provide fina estimates.

8. Moribund animds or animas obvioudy in pain or showing sgns of severe and enduring distress
shdl be humandy killed, and are consdered in the interpretation of the test resultsin the same way as
animasthat died ontest. Criteriafor making the decision to kill moribund or severdy suffering animals,
and guidance on the recognition of predictable or impending desth are the subject of a separate OECD
Guidance Document (13).

0. A limit test can be usad efficiently to identify chemicasthat arelikely to have low toxicity.

PRINCIPLE OF THE LIMIT TEST

10.  TheLimit Test isasequentid test that uses amaximum of 5 animas. A test dose of up to
2000, or exceptionaly 5000 mg/kg, may be used. The procedures for testing at 2000 and 5000 mg/kg
are dightly different. The selection of a sequentia test plan increases the Satistica power and aso has
been made to intentionally bias the procedure towards rejection of the limit test for compounds with
LD50s near the limit dose; i.e,, to err on the Side of safety. Aswith any limit test protocol, the
probability of correctly classfying acompound will decrease asthe actua LD50 more nearly resembles



the limit dose.

PRINCIPLE OF THE MAIN TEST

11.  Themain test conssts of asingle ordered dose progression in which animals are dosed, one at
atime, at 48-hour intervals. Thefirst animad receives a dose a sep below the level of the best estimate
of the LD50. If the animd survives, the dose for the next animd isincreased to afactor of 3.2 timesthe
origind dosg; if it dies, the dose for the next animd is decreased by asmilar dose progression. (Note:
3.2 isthe default factor. Paragraph 27 provides further guidance for choice of dose spacing factor.)
Each animd should be observed carefully for up to 48 hours before making a decision on whether and
how much to dose the next anima. That decison is based on the 48-hour surviva pettern of dl the
animas up to that time. (See paragraphs 26 and 30 on choice of survivd intervd.) A combination of
stopping criteriais used to keep the number of animals low while adjusting the dosing pattern to reduce
the effect of apoor starting vaue or low dope (see paragraph 29). Dosing is stopped when one of
these criteriais satisfied (see paragraphs 28 and 36), a which time an estimate of the LD50 and aCl
are caculated for the test based on the status of dl the animas at termination. For most gpplications,
testing will be completed with only 4 animals after initid reversd in anima outcome. The LDS0 is
caculated using the method of maximum likelihood (14)(15). (See paragraphs 36 and 38.)

12.  Thereaults of the main test procedure serve as the starting point for a computationa procedure

to provide a Cl estimate where feasible. A description of the basisfor this Cl is outlined in paragraph
40.

DESCRIPTION OF THE METHOD

Selection of animals species

13.  The preferred rodent speciesistherat athough other rodent species may be used. Normally
femderasare used (12). Thisis because literature surveys of conventiona LD50 tests show that
usudly there islittle difference in sengtivity between sexes, but in those cases where differences are
observed, femades are generdly more sengtive (7). However, if knowledge of the toxicological or
toxicokinetic properties of structuraly related chemicas indicates that males are likely to be more
sengtive then this sex should be used. When the test is conducted in males, adequate justification
should be provided.

14. Hedlthy young adult animals of commonly used laboratory strains should be employed.
Femaes should be nulliparous and non-pregnant. At the commencement of its dosing, each animd
should be between 8 and 12 weeks old and its weight should fal in an interva £ 20 % of the mean
initial weight of any previoudy dosed animas.



Housing and feeding conditions

15. The temperature in the experimenta animal room should be 22EC (+ 3EC). Therdative
humidity should be at least 30 % and preferably not exceed 70 % other than during room cleaning.
Lighting should be artificid, the sequence being 12 hours light and 12 hours dark. The animas are
housed individualy. For feeding, conventiona rodent laboratory diets may be used with an unlimited
supply of drinking water.

Prepar ation of animals

16.  Theanimdsare randomly sdected, marked to permit individua identification, and kept in their
cagesfor at least 5 days prior to dosing to alow for acclimatisation to the laboratory conditions. As
with other sequentia test designs, care must be taken to ensure that animals are available in the
gppropriate size and age range for the entire study.

Prepar ation of doses

17.  When necessary, the test substance is dissolved or suspended in a suitable vehicle. The use of
an agueous sol ution/suspension/emulsion is recommended wherever possible, followed in order of
preference by a solution/suspenson/emulsionin ail (eg. corn oil) and then possbly solution in other
vehicles. For vehicles other than water the toxicologica characterigtics of the vehicle should be known.
Dosing preparations must be prepared shortly prior to administration unless the stability of the
preparation over the period during which it will be used is known. Where preparation shortly before
adminigration is not practicable and the stability of the preparation is not known, thiswill need to be
demondrated anayticaly.

17a.  Ingenerd test substances should be administered in a constant volume over the range of doses
to be tested by varying the concentration of the dosing preparation. Where aliquid end product or
mixture isto be tested, however, the use of the undiluted test substance, i.e,, a a constant
concentration, may be more relevant to the subsequent risk assessment of that substance, and isa
requirement of some regulaory jurisdictions. In ether case, the maximum dose volume for
adminidgration must not be exceeded. The maximum volume of liquid that can be administered a one
time depends on the Sze of thetest animd. In rodents, the volume should not normally exceed 1
ml/100g of body weight; however in the case of aqueous solutions,

2 mi/100g body weight can be considered.

Administration of doses

17b  Thetest substance is administered in asingle dose by gavage using a somach tube or a suitable
intubation cannula. In the unusud circumstance that asingle dose is not possible, the dose may be given



in smdler fractions over a period not exceeding 24 hours.

17c. Animds should be fasted prior to dosing (e.g., with the rat, food but not water should be
withheld overnight; with the mouse, food but not water should be withheld for 3-4 hours). Following
the period of fasting, the animas should be weighed and the test substance administered. The fasted
body weight of each animal is determined and the dose is calculated according to the body weight.
After the substance has been administered, food may be withheld for afurther 3-4 hoursin rats or 1-2
hoursin mice. Where adose is administered in fractions over a period of time, it may be necessary to
provide the animas with food and water depending on the length of the period.

PROCEDURE

Limit test and main test

18.  Thelimit test is primarily used in Stuations where the experimenter has information indicating
that the test materid is likdly to be nontoxic, i.e., having toxicity below regulatory limit doses.
Information about the toxicity of the test material can be gained from knowledge about smilar tested
compounds or Similar tested mixtures or products, taking into consderation the identity and percentage
of components known to be of toxicologica significance. In those Situations where thereislittle or no
information about its toxicity, or in which the test materid is expected to be toxic, the main test should
be performed.

Limit test

Limit test at 2000 ma/kg

19. Dose one animd at thetest dose. If the animd dies, conduct the main test to determine the
LD50. If theanimd survives, dose four additiond animds, onea atime. If an anima unexpectedly
dieslate in the study, and there are other survivors, it is gppropriate to stop dosing and observe dl
animasto seeif other animas will dso die during asmilar observation period (see paragraph 26 for
initial observation period). Late deaths should be counted the same as other deaths. The results are
evauated asfollows (O=surviva, X=desth).

20.  TheLD50 islessthan the test dose (2000 mg/kg) when three or more animasdie.

O XO XX
O OX XX
O XX OX
O XX XU (U canbeO or X)



If athird animd dies, conduct the main test.
21.  TheLD%0 isgrester than the test dose (2000 mg/kg) when three or more animas survive.

O 00 00
O 00 X0
O OO0 OX
0 00 XX
O XO XO
O XOOouU (U canbeO or X)
O OX XO
O OX OU (U canbeO or X)
O XX 00

Limit Test at 5000 mg/kg

22. Exceptiondly, and only when justified by specific regulatory needs, the use of a dose at 5000
mg/kg may be consdered. Recognizing the need to protect animd welfare, testing of animasin class5
rangesis discouraged and should only be consdered when thereis a strong likelihood that results of
such atest have adirect rlevance for protecting human or anima hedth or the environmentt.

23. Dose one animd at thetest dose. If the animd dies, conduct the main test to determine the
LD50. If theanima survives, dose two additiond animds. If both animals survive, the LD50 is greater
than the limit dose and the test is terminated (i.e. carried to full 14-day observation without dosing of
further animas). If one or both animals die, then dose an additiond two animds, one a atime. If an
anima unexpectedly dies late in the study, and there are other survivors, it is gppropriate to stop dosing
and observe dl animdsto seeif other animadswill aso die during asmilar observation period (see
paragraph 10 for initid observation period). Late deaths should be counted the same as other degths.
The results are evauated as follows (O=surviva, X=death, and U=Unnecessary ).

24.  TheLD%0islessthan the test dose (5000 mg/kg) when three or more animals die.

O XO XX

O OX XX

O XX OX

O XX XU (U canbe O or X, the dosing of the 5th animd is not necessary)

25.  TheLD%0 isgreater than the test dose (5000 mg/kg) when three or more animals survive.

OO0 uUuU (U canbe O or X, the dosing of the 4th and 5th animal is not necessary)
O XO XO



O XOOouU (U canbe O or X, the dosing of the 5th animd is not necessary)
O OX XO
O OX OU (U canbe O or X, the dosing of the 5th animd is not necessary)
O XX 00

Main test

26.  Single animasare dosed in sequence usudly at 48 hintervas. However, thetime intervals
between dosing is determined by the onset, duration, and severity of toxic Sgns. Treatment of an
animd at the next dose should be delayed until oneis confident of surviva of the previoudy dosed
animd. Thetimeinterval may be adjusted as gppropriate, eg., in case of inconclusve response. The
test isampler to implement when asingle time interva is used for making sequential dosing decisons,
Nevertheless, it is not necessary to recaculate dosing or likdihood-ratios if the time interva changes
midtest. For selecting the arting dose, dl available information, including information on sructuraly
related substances and results of any other toxicity tests on the test materid, should be used to
approximate the LD50 as well asthe dope of the dose-response curve.

27.  Thefirg animd is dosed a step below the toxicologist’s best estimate of the LD50. If the
animd survives, the second animal receives ahigher dose. If the first animd dies or appears moribund,
the second animd recelves alower dose. The dose progression factor should be chosen to be the
antilog of 1/(the estimated dope of the dose-response curve) and should remain constant throughout
testing. When there is no information on the dope of the substance to be tested, a dose progression
factor of 3.2 isused. Using the default progression factor, doses would be selected from the sequence
1.75, 5.5, 17.5, 55, 175, 550, 2000 (or 1.75, 5.5, 17.5, 55, 175, 550, 1750, 5000 for specific
regulatory needs). If no estimate of the substance' s lethdity is available, dosng should beinitiated at
175 mg/kg. In most cases, this dose is sublethd and therefore serves to reduce the level of pain and
auffering. If anima tolerances to the chemica are expected to be highly varigble (i.e, dopes are
expected to be less than 2.5), consideration should be given to increasing the dose progression factor
beyond the default 0.5 on alog dose scdle (i.e,, 3.2 progression factor) prior to starting the test.
(Annex 2 includes atable of dose progressions for whole number dopes ranging from 1 to 8 with
garting dose 175 mg/kg.)

28. Dosing continues depending on the fixed-time interva (e.g., 48-hour) outcomes of dl the
animas up to that time. The testing stops when one of the following stopping criteriafirst is met:

(8 3 consecutive animals survive a the upper bound;

(b) 5 reversds occur in any 6 consecutive animals tested;

(c) at least 4 animds have followed the first reversal and the specified likelihood-ratios exceed
the critica value. (See paragraph 39 and Annex 3. Caculations are made a each dosing,
following the fourth anima after the firdt reversd.).



For awide variety of combinations of LD50 and dopes, sopping rule (c) will be satisfied with 4 to 6
animas after the test reversal. In some cases for chemicals with shallow dope dose-response curves,
additiond animds (up to atotd of fifteen tested may be needed).

29.  When the stopping criteria have been attained, the estimated L D50 should be caculated from
the anima outcomes at test termination using the method described in paragraphs 35 and 36.

30. Moribund animals killed for humane reasons are consdered in the same way as animals that
died on test. If an anima unexpectedly dieslate in the study and there are other survivors at that dose
or above, it is appropriate to stop dosing and observe dl animasto seeif other animaswill dso die
during asmilar observation period. If subsequent survivors o die, AND it gppearsthat dl dose
levels exceed the LD50 it would be most gppropriate to start the study again beginning at least two
steps below the lowest dose with deaths (and increasing the observation period) since the techniqueis
most accurate when the arting dose is below the LD50. If subsequent animals survive at or above the
dose of the animal that dies, it is not necessary to change the dose progression since the information
from the animal that has now died will be included into the calculations as a degth at alower dose than
subsequent survivors, pulling the LD50 down.

Observations

31.  Animdsareobsarved individualy at least once during the first 30 minutes after dosing,
periodicaly during the first 24 hours (with specid attention given during the first 4 hours), and daily
theresfter, for atotd of 14 days, except where they need to be removed from the study and humanely
killed for animal welfare reasons or are found dead. However, the duration of observation should not
be fixed rigidly. It should be determined by the toxic reactions and time of onset and length of recovery
period, and may thus be extended when considered necessary. The times a which signs of toxicity
gppear and disappear are important, especidly if there is atendency for toxic sgnsto be delayed (16).
All observations are systematically recorded with individua records being maintained for each animal.

32.  Additiond observaionswill be necessary if the animas continue to display Signs of toxicity.
Observations should include changes in skin and fur, eyes and mucous membranes, and o
respiratory, circulatory, autonomic and centrd nervous systems, and somatomotor activity and
behaviour pattern. Attention should be directed to observations of tremors, convulsions, sdivation,
diarrhoeg, lethargy, deep and coma. The principles and criteria summarised in the Humane Endpoints
Guidance Document (13) should be taken into consideration.  Animals found in amoribund condition
and animals showing severe pain and enduring Signs of severe distress should be humandly killed.
When animds are killed for humane reasons or found deed, the time of death should be recorded as
precisaly as possble.



Body weight

33. Individua weights of animals should be determined shortly before the test substanceis
administered and at least weekly thereafter. Weight changes should be calculated and recorded. At
the end of the test surviving animas are weighed and then humandly killed.

Pathology

34. All animds (including those which die during the test or are removed from the study for anima
welfare reasons) should be subjected to gross necropsy. All gross pathologica changes should be
recorded for each anima. Microscopic examination of organs showing evidence of gross pathology in
animals surviving 24 or more hours after theinitia dosing may aso be consdered because it may yidd
useful information.

DATA AND REPORTING

Data

35. Individua anima data should be provided. Additiondly, dl data should be summarized in
tabular form, showing for each test dose the number of animals used, the number of animals displaying
sggns of toxicity (16), the number of animals found dead during the test or killed for humane reasons,
time of death of individua animas, a description and the time course of toxic effects and reversihility,
and necropsy findings. A rationae for the starting dose and the dose progression and any data used to
support this choice should be provided.

Calculation of LD50 for the main test

36 The LD50 is cdculated using the maximum likelihood method (14)(15), except in the
exceptional cases described in paragraph 37. The following Satigtica details may be helpful in
implementing the maximum likelihood caculations suggested (with an assumed sigma). All deeths,
whether immediate or delayed or humane kills, are incorporated for the purpose of the maximum
likelihood andyss. Following Dixon (4), the likelihood function is written as follows:

L=L,L,..L,,
where

L isthe likelihood of the experimenta outcome, given mu and sigma, and n the total number of animads
tested.



L; = 1-F(z) if thei™ anima survived, or
L, = F(Z) if thei® animal died,

where

F = cumulative sandard normd digtribution,

Z =[log(d) - mu]/sigma

d; = dose given to the i animal, and

sigma = standard deviation in log units of dose (which is not the log Sandard deviation).

When identifying the maximum of the likdihood L to get an estimate of the true LD50, mu is set to
equa log LD50, and automated calculations solve for it (see paragraph 39).

An estimate of sigma of 0.5 is used unless a better generic or case-specific vaueis available.

37. Under some circumstances, satigtica computation will not be possible or will likely give
erroneous results. Specid means to determine/report an estimated L D50 are available for these
circumstances as follows:

(a) If testing Stopped based on criterion (a) in paragraph 28 (i.e., a boundary dose was tested
repestedly), or if the upper bound dose ended testing, then the LD50 is reported to be above
the upper bound. Classfication is completed on this basis.

(b) If dl the dead animdls have higher doses than dl the live animds (or if dl live animads have
higher doses than dl the dead animals, dthough thisis practicdly unlikdly), thenthe LD50 is
between the doses for the live and the dead animals. These observations give no further
information on the exact vaue of the LD50. Still, a maximum likelihood LD50 esimate can be
made provided thereisavdue for sigma. Stopping criterion (b) in paragraph 28 describes one
such circumgtance.

(¢) If thelive and dead animd's have only one dose in common and dl the other dead animals
have higher doses and al the other live animals lower doses, or vice versa, then the LD50
equastheir common dose. If aclosdy related substance is tested, testing should proceed with
asmdler dose progression.

If none of the above Stuations occurs, then the LD50 is calculated using the maximum
likelihood method.

38. Maximum likelihood calculation can be performed using either SAS (14)(e.g., PROC NLIN)
or BMDP (15)(e.g., program AR) computer program packages as described in Appendix 1D in
Reference 3. Other computer programs may aso be used. Typicd ingtructions for these packages are
given in appendices to the ASTM Standard E 1163-87 (6). [The sigma used in the BASIC program in
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(6) will need to be edited to reflect the parameters of this OECD 425 Guiddine] The program’s
output is an estimate of log(LD50) and its sandard error.

39.  Thelikelihood-ratio stopping rule (c) in paragraph 28 is based on three measures of test
progress, that are of the form of the likelihood in paragraph 36, with different vaues for mu.
Comparisons are made after each animal tested after the sixth that does not dready satisfy criterion (8)
or (b) of paragraph 28. The equationsfor the likdihood-ratio criteria are provided in Annex 3. These
comparisons are most readily performed in an automated manner and can be executed repeatedly, for
ingtance, by a spreadsheet routine such asthat aso provided in Annex 3. If the criterion is met, testing
stops and the L D50 can be calculated by the maximum likelihood method.

Computation of confidence interval

40. Following the main test and estimated L D50 caculation, it may be possible to compute interva
estimates for the LD50 at specified confidence using a profile-likelihood-based computationa
procedure. Such an interva utilizes information from the doses where accumulated response was
neither 0% nor 100% (intermediate doses). Instead of employing an assumed sigma, however, the
procedure identifies bounds on LD50 estimates from aratio of likelihood functions optimized over
sigma (profile likelihoods). Procedures are also included for certain circumstances where no
intermediate doses exist (for instance, when testing has proceeded through awide range of doses with
no reversa or where doses are so widely spaced that each anima provides areversd). Implementing
this set of procedures requires speciaized computation which is either by use of a dedicated program to
be available from OECD or developed following technica details available from OECD.

Report
41.  Thetest report must include the following information:
Test substance:

- physica nature, purity and physicochemica properties (including isomerisation);
- identification data

Vehicle (if appropriate):
- judtification for choice of vehicle, if other than weter.
Tedt animas

- species/strain used;
- microbiologica gatus of the animas, when known;
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- number, age and sex of animds,

- rationae for use of maesingead of femdes;

- source, housing conditions, digt, etc.,;

- individua weights of animas a the dart of the te, a day 7, and a day 14.

Test conditions:

- rationde for initia dose level sdection, dose progression factor and for follow-up dose levels;
- detalls of test substance formulation;

- details of the adminigtration of the test substance;

- details of food and water quality (including diet type/source, water source).

Reaults

- body weight/body weight changes;

- tabulation of response data by sex (if both sexes are used) and dose level for each  animd (i.e,
animds showing Sgns of toxicity including nature, severity, duration of effects, and mortdity);

- time course of onset of Sgns of toxicity and whether these were reversible for each animd;

- necropsy findings and any histopathologicd findings for each animd, if available;

- dope of the dose-response curve (when determined);

- LD50 data;

- statistical treatment of results (description of computer routine used and spreadshect tabulation of
cdculations)

Discusson and interpretation of results.

Conclusions.
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ANNEX 1

DEFINITIONS

Acute ord toxicity is the adverse effects occurring within ashort time of ord administration of asingle
dose of a substance or multiple doses given within 24 hours.

Delayed death means that an anima does not die or appear moribund within 48 hours but dies later
during the 14-day observation period.

Dose isthe amount of test substance administered. Dose is expressed as weight (g, mg) or as weight of
test substance per unit weight of test animd (e.g. mg/kg).

Dose progression factor, sometimes termed a dose spacing factor, refers to the multiple by which a
doseisincreased (i.e., the dose progression) when an anima survives or the divisor by whichiit is
decreased when an animal dies.

LD50 (median lethal dose), ord, is a gatisticaly derived single dose of a substance that can be
expected to cause death in 50 per cent of animals when administered by the ord route. The LD50
vaueis expressed in terms of weight of test substance per unit weight of test anima (mg/kg).

Limit dose refers to adose at an upper limitation on testing (2000-5000 mg/kg).

Moribund gtatus of an animd refersto being in agtate of dying or inability to survive, even if treeted.

Nomind sample Sze refersto the totd number of tested animals, reduced by one less than the number
of like responses at the beginning of the series, or by the number of tested animals up to but not
including the pair that createsthefirst reversal. For example, for a serieswhere X and O indicate
opposite anima outcomes (for instance, X could be dies within 48 hours and O survives) in a pattern as
follows OOOXXOXO, we have the tota number of tested animas (or sample size in the conventiona
sense) as 8 and the nomind sample sizeas 6. This particular example shows 4 animdsfollowing a
reversal. It isimportant to note whether acount in aparticular part of the guiddine refers to the nomina
sample size or to the total number tested. For example, the maximum actua number tested is 15.
When testing is sopped based on that basis, the nomina sample size will be less than or equa to 15.
Members of the nomind sample start with the (r-1)st animd (the anima before the second in the

reversa pair) (seereversal below).
Probit isan abbreviation for the term “probatility integra transformation” and a probit dose-response
moded permits a stlandard normd distribution of expected responses (i.e,, one  centered to its mean
and scaled to its standard deviation, sigma) to doses (typicaly in alogarithmic scae) to be andyzed as
if it were agraght line with dope the reciprocal of Sgma. A standard normal lethdity didtribution is
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symmetric; hence, its mean isdso its true LD50 or median response.

Reversd is a Situation where nonresponse is observed a some dose, and aresponse is observed & the
next dose tested, or vice versa (i.e., response followed by nonresponse). Thus, areversd is created by
apar of responses. Thefirst such pair occurs at animals numbered r-1 and r.

Sgma isthe sandard deviation of alog norma curve describing the range of tolerances of test subjects
to the chemica (where asubject is expected capable of responding if the chemica dose exceeds the
subject’ stolerance). The estimated sigma provides an estimate of the variation among test animasin
response to afull range of doses. See dope and probit.

Sope (of the dose-response curve) isavaue reaed to the angle a which the dose

response curve rises from the dose axis. I1n the case of probit andys's, when responses are andyzed on
aprobit scale againgt dose on alog scae this curve will be a straight line and the dope is the reciprocd
of sigma, the standard deviation of the underlying test subject tolerances, which are assumed to be
normaly distributed. See probit and sigma.

Sopping rule is usad in this guideline synonymoudy with 1) a specific stopping criterion and

2) the collection of dl criteria determining when atesting sequence terminates. In particular, for the
main test, sopping ruleis used in paragraph 5 as a shorthand for the criterion that relies on comparison
of ratiosto a critical value.
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ANNEX 2

DOSING PROCEDURE

Dose Sequencefor Main Test

1. Up-and-Down Dosing Procedure. For each run, animas are dosed, one at atime, usudly at
48-hour intervas. The first anima receives a dose a step below the leve of the best estimate of the
LD50. This selection reflects an adjustment for a tendency to bias away from the LD50 in the
direction of theinitid starting dose in the find estimate (see paragraph 5). The overdl peattern of
outcomes is expected to stahilize as dosing is adjusted for each subsequent anima. Paragraph 3 below
provides further guidance for choice of dose spacing factor).

2. Default Dose Progression. Once the starting dose and dose spacing are decided, the
toxicologist should list dl possible doses including the upper bound (usualy 2000 or 5000 mg/kg).
Dosesthat are close to the upper bound should be removed from the progression. The stepped nature
of the TG 425 design provides for the first few doses to function as a self-adjusting sequence. Because
of the tendency for positive bias, in the event that nothing is known about the substance, a sarting dose
of 175 mg/kg is recommended. If the default procedure isto be used for the main test, dosing will be
initiated at 175 mg/kg and doses will be spaced by afactor of 0.5 on alog dose scale. The dosesto be
used include 1.75, 5.5, 17.5, 55, 175, 550, 2000 or, for specific regulatory needs, 1.75, 5.5, 17.5, 55,
175, 550, 1750, 5000. For certain highly toxic substances, the dosing sequence may need to be
extended to lower values.

3. In the event a dose progression factor other than the default is deemed suitable, Table 1
provides dose progressions for whole number multiples of dope, from 1 to 8.
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Table 1 Dose Progressions for OECD Guiddine 425
Choose a Slope and Read Down the Column
All dosesin mg/kg bw

Slope= 1 2 3 4 5 6 7 8
0175+ 0175+ 0175+ 0175+ 0175 0175 0175 0475
0.243 0.233
0.28 0.26
031 0.34 031
0.38 0.38
041
044 047
055 0.55 0.55 055
0.70 0.65
0.74
081 081
0.98 091 0.98
110 119
126 131
175 175 175 175 175 175 175 175
243 233
28 26
31 34 31
38 38
44 41
47
55 55 55 55
70 6.5
74
81 81
9.8 9.1 9.8
11.0 119
126 131
175 175 175 175 175 175 175 175
24.3 233
28 26
31 A 31
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Table 1 continued

55
175 175

550
1750 1750

81

175

810

1750

175

310

1750

3100

44

70

110

175

280

700

1100

1750

2800

5000 5000 5000 5000 5000

81

119

175

260

810

1190

1750

2600

3800

5000

47

91

126

175
243

470

910

1260
1750
2430

41

74

131
175
233
310

410

740

1310
1750
2330
3100

4100

* |f lower doses are needed, continue progressions to alower dose
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ANNEX 3

COMPUTATIONSFOR THE LIKELIHOOD-RATIO STOPPING RULE

As described in Guiddine paragraph 28, the main test may be completed on the basis of the first of four
stopping criteriato occur. Tables 2-5 illustrate examples where testing has started with no information,
50 the recommended default starting value, 175 mg/kg, and the recommended default dose progression
factor, 3.2, have been used.

Table 2 shows how the main test would stop if 3 animals have survived at the limit dose of 2000 mg/kg;
Table 3 shows asmilar Stuation when the limit dose of 5000 mg/kg isused. (Theseilludrate Situations
where aLimit Test was not thought appropriate a priori.) Table 4 shows how a particular sequence of
5 reversasin 6 tested animal's could occur and alow test completion. Findly, Table 5illustrates a
gtuation severd animasinto atest, where neither criterion (a) nor criterion (b) has been met, areversa
of response has occurred followed by 4 tested animd's, and, consequently, criterion (c) must be
evaluated aswell.

Criterion (c) cdlsfor alikdihood-ratio stopping rule to be evauated after testing each animd, arting
with the fourth tested following the reversal. Three "measures of test progress' are calculated.
Technicdly, these measures of progress are likelihoods, as recommended for the maximum-likelihood
estimation of the LD50. The procedureis closely related to caculation of a Cl by alikelihood-based
procedure.

The badis of the procedure is that when enough data have been collected, a point estimate of the LD50
should be more strongly supported than values above and below the point estimate, where Satitica
support is quantified usng likelihood. Therefore three likelihood vaues are calculated: alikelihood at an
LD50 point estimate (caled the rough estimate or dose-averaging estimate in the example), alikelihood
a avaue below the point estimate, and alikelihood at a vaue above the point estimate. Specificdly,
the low vaue is taken to be the point estimate divided by 2.5 and the high vaue is taken to be the point
esimate multiplied by 2.5.

The likelihood vaues are compared by caculating ratios of likelihoods, and then determining whether
these likelihood-ratios (LR) exceed acritica vaue. Testing stops when theratio of the likelihood for
the point estimate exceeds each of the other likelihoods by a factor of 2.5, which istaken to indicate
relaively strong statistical support for the point estimate. Therefore two likelihood-ratios (LRS) are
caculated, aratio of likelihoods for the point estimate and the point estimate divided by 2.5, and aratio
for the point estimate and the estimate times 2.5.

The caculaions are easly performed in any spreadsheet with norma probability functions. The
cdculations areillugrated in Table 5, which is structured to promote spreadsheet implementation. The
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computation steps are illugtrated using an example where the upper limit dose is 5000 mg/kg, but the
computational steps are carried out in the same fashion when the upper boundary dose is 2000 mg/kg.
Empty spreadsheets preprogrammed with the necessary formulas are available for direct downloading
on the OECD and EPA web Sites.

Hypothetica example using an upper limit dose of 5000 mg/kg (Table 5)

In the hypotheticad example utilizing an upper boundary dose of 5000 mg/kg, the LR stopping criterion
was met after nine animals had been tested. The firgt “reversa” occurred with the 3rd animal tested.
The LR stopping criterion is checked when four animas have been tested following the reversd. In this
example, the fourth animd tested following the reversd isthe seventh anima actudly tested. Therefore,
for this example, the spreadsheet calculations are only needed after the seventh animal had been tested
and the data could be entered at that time. Subsequently, the LR stopping criterion would have been
checked after testing the seventh animal, the eighth animd, and the ninth. The LR stopping criterion is
firg satified after the ninth animd is tested in this example.

A. Enter the dose-response information anima by animdl.

Column 1. Steps are numbered 1-15. No more than 15 animals may be tested.

Column 2. Pace an | in this column as each animdl is tested.

Column 3. Enter the dose received by the it animal.

Column 4. I ndlicate whether the anima responded (shown by an X) or did not respond (shown by
an 0).

B. The nomind and actud sample Szes.

The nomina sample consigts of the two animals that represent the first reversal (here the second and
third animds), plus dl animas tested subsequently. Here, Column 5 indicates whether or not agiven
animd isincluded in the nomind sample.

The nomind sample sze (nomind n) appearsin Row 16. Thisisthe number of animasin
the nomind sample. In the example, nomind nis 8.
The actual number tested appearsin Row 17.

C. Rough egimate of the LD50.

The geometric mean of doses for the animads in the current nomina sample is used as arough estimate
of the LD50 from which to gauge progress. In thetable, thisis cdled the “ dose-averaging estimator.”

It is updated with each animd tested. This average is redtricted to the nomina samplein order to dlow
for apoor choice of initid test dose, which could generate either an initid string of responses or an initid
gtring of nonresponses. (However, the results for dl animas are used in the likelihood calculations for
fina LD50 cdculation below.) Recdl that the geometric mean of n numbersisthe product of the n
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numbers, raised to a power of 1/n.

The dose-averaging estimate appearsin Row 18 (e.g., (175* 550 * ... * 1750 )Y8 =
1292.78).

Row 19 shows the logarithm (base 10) of the value in Row 18 (e.g., log,, 1292.8 = 3.112).

D. Likdihood for the rough L D50 esimate.

“Likeihood” is a datigtica measure of how strongly the data support an estimate of the LD50 or other
parameter. Ratios of likelihood values can be used to compare how well the data support different
estimates of the LDS0.

In Column 8 cdculate the likelihood for Step C's rough LD50 estimate. The likelihood (Row 21) isthe
product of likelihood contributions for individua animas (see Guideline paragraph 36). The likelihood
contribution for the i animal is denoted L.

Column 7. Enter the estimate of the probability of response at dose d;, denoted P,. P, iscaculated
from a dose-response curve. Note that the parameters of a probit dose-response curve are the dope
and the LD50, so values are needed for each of those parameters. For the LD50 the dose-averaging
esimate from Row 18 isused. For the dope in this example the default vaue of 2 isused. The
following steps may be used to ca culate the response probability P;.

1. Calculate the base-10 log of dose d; (Column 6).
2. For each anima caculate the z-score, denoted Z; (not shown in the table), using the
formulae
sigma=1/dope,
Z; = (logy( d; ) - logi,( LD30) ) / sigma
For example, for the first anima (Row 1),
sgma=1/2
Z,=(2243-3.112)/0.500=-1.738
3. For the i dose the estimated response probability is
Pi=F(Z)

where F denotes the cumulative digtribution function for the sandard normd digtribution (i.e,, the
normd distribution with mean 0 and variance 1).



For example (Row 1),
P,=F(-1.738) =0.0412

Thefunction F (or something very dose) is ordinarily what is given for the normd didtribution in
datistica tables, but the function is aso widely available as a spreadsheet function. It is available under
different names, for example the @NORMAL function of Lotus 1-2-3 (1) and the @NORMDIST
function in Excd (2). To confirm that you have used correctly the function available in your software,
you may wish to verify familiar vdues such as F(1.96) . 0.975 or F(1.64) . 0.95.

Column 8. Cdculate the naturd log of the likeihood contribution (In( L; )). L; issmply the probability
of the response that actually was observed for the i anima:

responding animas. In( L;)=In(P;)

non-responding animas. In( L; ) =In(1-P;)

Note that here the natural logarithm (In) is used, whereas e sewhere the base-10 (common)
logarithm was used. These choices are what are ordinarily expected in a given context.

The steps above are performed for each animd. Findly:

Row 20: Sum the log-likelihood contributionsin Column 8.

Row 21. Cdculate the likelihood by gpplying the exp function applied to the log-likelihood vaue
in Row 20 (e.g., exp(-3.389) = 33 = 0.0337).

E. Cdculate likelihoods for two dose vaues above and below the rough estimate,

If the data permit a precise estimate, then one expects the likelihood should be high if the estimateisa
reasonable estimate of the LD50, rdative to likelihoods for values distant from this estimate. Compare
the likelihood for the dose-averaging estimate (1292.8, Row 18) to vaues differing by afactor of 2.5
from that vaue (i.e., to 1292.8*2.5 and 1292.8/2.5). The cdculations (displayed in Columns 9-12) are
carried out in afashion smilar to those described above, except that the values 517.1 (=1292.8/2.5)
and 3232.0 (=1292.8*2.5) have been used for the LD50, instead of 1292.8. The likelihoods and |og-
likelihoods are displayed in Rows 20-21.

F. Cdculate likdihood-ratios.

The three likelihood values (Row 21) are used to caculate two likdihood-ratios (Row 22). A
likelihood-ratio is used to compare the Satistical support for the estimate of 1292.8 to the support for
each of the other values, 517.1 and 3232.0. Thetwo likelihood-ratios are therefore:
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LR1 =[likeihood of 1292.8] / [likelihood of 517.1]
= 0.0337/ 0.0080
=421
and
LR2 =[likeihood of 1292.8] / [likelihood of 3232.0]
= 0.0337/ 0.0098
=344

G. Deermineif the likelihood-ratios exceed the critica vaue.

High likelihood-ratios are taken to indicate relaively high support for the point estimate of the LD50.
Both of the likelihood-ratios caculated in Step F (4.21 and 3.44) exceed the critical likelihood-ratio,
whichis25. Therefore the LR stopping criterion is satisfied and testing sops. Thisisindicated by a
TRUE in Row 24 and anote at the top of the example spreadsheet that the LR criterion is met.

LITERATURE

@ Lotus Development Corporation. (1999). Lotus® 1-2-3. Verson 9.5, Millennium Edition.
Cambridge, MA, USA.

2 Microsoft Corporation. (1985-1997). Microsoft® Excel. Verson 5.0 or later. Seettle, WA,
USA.
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Table 2. Exampla of stopping crilerion {a) using 2000 mgkg.

Stop after animal #5 because 3 anmak survive at limit of
2000 mgykg (#3-#5).

1 2 3 4 5 & 7 8 g 10 11 12
ﬂap {lnclude;] Dose {ﬂrﬂﬁpunﬁa Included | log1o JLDLO = Vi
(Ejxclude [Ojnon-resp. |lin nominal] Dose |Prob. of likalihood)
n response  contribn. ontribn. fresponse contribn.

OK {In Li} iln Li}
1 | 175 o no 2.2430 #DIVID! #OIViD! | #DMDI #ONID!  #DIV!
2 | 550 o no 2.7404 #OIVH #OIViIDY | #DIVIDD  EDIVIOL #0Ivin!
3 | 2000 0 no 33010 #DIVHD! #DIViD! | #DMVID  EDIVIDY #0nvi!
4 | 2000 o no 13010 #D0v #DIVIDY | #DIVIDL EDIVIOL #OIvrol
5 | 2000 0 no 33010 #OIVH! #OIVID! | #DMVO! EDIVAOE | #Div0! !
& E - Ignore all calulation calls. Mo reversal in direction of response, I
T E -
8 E - - - = - =
a E - - - - - -
10 E - - - - - -
1" E - - - - - =
12 E - - - - - -
13 F Mawimum Likelihood Caloubations . . .
14 E cannct be completed. LDSD is greater . . .
18 I-; than 2000 mg kg, ) i )

Mominal oa mple size = [1]
Actual number tested = 5 |
Calculated maximum likelihood estimate of LDS0 = none



Table 3. Example of stopping criterion {a) wsing 5000 makg.

BO00 mg/kg [#4-#6).

Stop after animal #6 because 3 animak survive at limit of

1 2 3 4 5 3] 7 8 9 10 11 12
119;! {[nclude;] Dose {mmﬁpunﬁa Included loeg1l JLOSO = IV
[Ejxclude (O}non-resp. |in nominal] Dose |Prob. of likelihood)
n response  contribn. Jresponse contribn.

QK {In Li) {Im Li}
1 1 175 [a] na 2.2430 #DIVi0! #DIVi0! | #DNO #0DMVI0! /D!
2 | 550 o] no 2.7404 #0OIVI0! DIV | #DIWVIOT EDIVAOE #DIv!
3 | 1750 (8] na 3.2430 #0IV0! #DIVI0! | #DIWIDT EDIVAOE #Oi!
4 | 5000 o] no 36940 B! DIV | #DIVIOT EDIVIOE #DIvi!
5 | 5000 (8] na 3.6840 #DOIV0! #DIVI0! | #DIWIDYT EDIVADE !
G | S000 (o] na 3.6940 #DIVI0! #DIVI0! | #DIVOT EDIVAOE !
T E = Ignore all caloulation oells. Mo reversal in direction of response.
B E -
a E - - - = - - -
10 E - - - - - - -
11 E - - - - - - -
12 E = |tz muen Likslihood Caloulations - = =
13 E - cannot be completed. LDS0 & - - -
14 E - greater than 5000 mo/kg. - - -
15 E - = = = - - -

Iﬂﬁ:ﬁl‘gampm siZe = [1]
Actual number tested = 8 l ]
Calculated maximum likelihood estimate of LDS0 = none
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Table 4. Exampla of stopping criterian (&)

comsecutive animals tested (#2-# 7).

Stop after animal #7 because § reversalk in &

1 2 3 4 5 ] T 8 g 10 11 12
===iep Jnclude,|Dose | ®jresponse ] Included 10910 060 = < L Tea JLue = T
(Ejxclude (O)non-resp. [in nominall] Dose |Prob. of likelinood|Prob. of  likelihcod|Prob. of  likelihcod)
n responsa  contribn. [responsa  contribn. Jresponse contribn.
[+ {Im Li) {In Li) {In Li}
1 I 175 X no 2.2430 09315 -0.0688 | 08882 -0.0M108 | 07602  -D.2742
2 I 55 X yes 1.7404 0.6005 -0.3703 | 08020 -0.10M 0.3826  -0.9607
3 I 17.5 o yes 1.2430 0.3085 -0.3703 | 06174  -0.9607 | 0.0980 010
4 I 55 X yes 1.7404 0.6005 -0.3703 | 08020 -0.10M 0.3826  -0.9607
5 I 17.5 o yes 1.2430 0.3085 -0.3703 | 06174  -0.9607 | 0.0980 010
] I 55 X ¥es 1.7404 06805 03703 | 08020 <010 0.3826  -0.9607
T I 17.5 4] ¥Es 1.2430 0.3085 -0.3703 | 06474  -0.9607 | 0.08980  -01031
] E - - - - - - -
] E - - - - - -
10 E - - - - - -
11 E - - - - - -
12 E - - - - - -
13 E - - - - - -
14 E - - - - - -
15 E - - - - - -
RS mple size = 5
Actual number tesbed = T
Dose-averaging estimator .02
log10 = 1492
log-likelihood sums: -2. 2906 -3.2021 -3 4655
likelihoods: 01012 0.0407 0.0313
likelihood ratios: 2.4880] 3.2378]
Individual ratios excesed critical value? critical= 2.5 durkomated caloulation; not TRUE
Both ratios exceed critical value? _ relevant i this case. \II?:LL%H
Calculated maximum likelinood estimate of LDS50 = 20.6 " |Final estimate obtained from Mawimum Likelihood Caloulations |
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Table 5. Exampa of stopping crilerion ()

Iotop when LR oiterion & first met, hers at animal #9.
ICheck LR critenon starting at animal #6.

[Assumed slopa | 2]sigma = | 0.5 Parameters of convargence criterian
critical LR 2.5
[Result:  The LR criterion is met | factor of LDS0 25
1 2 3 4 5 L T 8 ] 10 11 12
_Efap Mrvaluda; Dosa (ﬂrasp-unse Includad logilh  Contrib.to Toe0 = Tenen JLUe0 = 5101 JLDS0 = EFEFEIE
(E)xclude (O)non-resp. jin nominall Dose DAE Prob. of likelinood|Prob. of Hkalihuudi-!"ruh. of likelihood
n response  contribn. |response contribn. jresponse contribn.
0K {In Li} {In Li} {In Li}
1 1 175 0 no | 22430 0.0000] 00412  -0.0421 | 0.1733  -0.1903 | 0.0057  -0.0057 |
2 | 550 4] yes 2.7404 27404 02289 -0.2e00 | 05214  -0.T3GE | 0.0620  -0.0640
3 1 1750 X yEs 3.2430 3.2430] 0.5037 -0.5046 | 08552  -D1564 | 02071 12138
4 | 550 0 yes 2.7404 27404 02289 -0.2600 | 05214  -0.T3GE | 0.0620  -0.0640
5 1 1750 X YEE 32430 32430] 0.6037 -0.5046 | 08552  -D1564 | 02071 12138
] I 550 o YE5 2. 7404 27404) 0.Z2BS -0.2600 | 05214  -D.T3IGE | 00620  -0.0640
T 1 1750 o YEE 32430 32430] 0.6037 -0.8257 | 08552 -1.5323 | 02871 -0.3525
] I 5000 X YE5 3.6090 3.6080] O.8800 <0.1278 | 04756 -0.024T | 08477 04344
] I 1750 X yE5 32430 32430] 0.6037 ~0.5046 | 08552  -D1564 | 02071 12138
10 E . 0.0000 - - - - - -
11 E 0.0000 - - -
12 E 0.0000 - - -
13 E 0.0000 - - -
14 E 0.0000 - - -
15 E - 0.0000 - - - -
Neminal 5a mple size = 3
Actual number tested = 9
Dose-averaging estimator 1202.78
log10 = 3.112
log-likelihood sums: -3.3884 -4 8270 -4 6260
likelihoods: 0.0337 0.0080 0.0008
likelihood ratios: 4.2104 3.4436)
Individual ratics excesd critical value? crifical= 2.5 TRUE TRUE
Both ratios exceed critical value? M TRUE
Calculated maximum likelihood estimate of LOS0 = 1328.6 ~ Final estimate obtaned from Maximum Likelihood Caloulabions
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1.

ANNEX 4

CRITERIA FOR CLASSIFICATION OF TEST SUBSTANCESWITH EXPECTED
L D50 VALUES EXCEEDING 2000 MG/KG WITHOUT THE NEED FOR TESTING

Test substances could be classified in the hazard classification defined by:

2000 mg/kg<L D50<5000 mg/kg (Class 5 in the Globaly Harmonised System (GHY)) in the following
Cases.

a)

b)

if relidble evidence is dready available that indicates that LD50 to bein the range of class5
vaues, or other anima studies or toxic effects in humans indicate a concern for human hedth of
an acute nature,

through extrapolation, estimation or measurement of dataif assgnment to a more hazardous

classis not warranted, and

! religble information is available indicating Sgnificant toxic effectsin humans, or

I any mortality is observed when tested up to class 4 vaues by the ora route, or

! where expert judgement confirms significant clinica signs of toxicity, when tested up to
class 4 values, except for diarrhoea, piloerection or an ungroomed appearance, or

! where expert judgement confirms reliable information indicating the potentid for
ggnificant acute effect from the other anima studies.
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